ABSTRACT The effect on aerosol deposition from a pressurised metered dose inhaler of a 750 cm3 spacer device with a one way inhalation valve (Nebuhaler, Astra Pharmaceuticals) was assessed by means of an in vivo radiotracer technique. Nine patients with obstructive lung disease took part in the study. The pattern of deposition associated with use of a metered dose inhaler alone was compared with that achieved with the spacer used both for inhalation of single puffs of aerosol and for inhalation of four puffs actuated in rapid succession and then inhaled simultaneously. On each occasion there was a delay of 1 s between aerosol release and inhalation, simulating poor inhaler technique. With the metered dose inhaler alone, a mean (SEM) (1-8)% of the dose reached the lungs and 80*9 (1 9)% was deposited in the oropharynx. With single puffs from the spacer 20-9 (1.6)% of the dose (p < 0.01) reached the lungs, only 16-5 (2.3)% (p < 0.01) was deposited in the oropharynx, and 55-8 (3 1)% was retained within the spacer itself. With four puffs from the spacer 15-2 (1.5)% reached the lungs (p = 0-02 compared with the metered dose inhaler alone, p < 0-01 compared with single puffs from the spacer), 11-4 (1.2)% was deposited in the oropharynx, and 67*5 (1.8)% in the device itself. It is concluded that the spacer device gives lung deposition of metered dose aerosols comparable to or greater than a correctly used inhaler and oropharyngeal deposition is greatly reduced. The spacer should be used preferably for the inhalation of single puffs of aerosol but may also be used for the inhalation of up to four puffs actuated in rapid succession and then inhaled simultaneously.
Metered dose inhalers have several advantages for respiratory treatment as they contain several hundred doses and are compact, unobtrusive, and apparently easy to use. The spray from a metered dose inhaler consists, however, of rapidly moving, large propellant droplets, most of which impact in the oropharynx, only about 10% penetrating into the bronchial tree.' 2 This small proportion may be further reduced by poor inhaler technique. Many patients misuse their inhalers,3 and failure to synchronise firing of the aerosol with inhalation is probably the most widespread problem. 45 Various types of spacer attachments to the inhaler mouthpiece may improve and facilitate drug delivery to the lungs. Simple tube spacers6' enable the propellant droplets in the spray to slow down and evaporate, so that oropharyngeal deposition is reduced and lung deposition is increased.8 Holding chambers or reservoir attachments to metered dose inhalers,9-'2 many of which have a one way inhalation valve in the mouthpiece, may also improve the deposition of pressurised aerosols. The aerosol may be released into the device and inhaled after a brief pause so that synchronisation between aerosol release and inhalation is unimportant. In this study we assessed the effects of a 750 cm3 spacer with a one way inhalation valve (Nebuhaler, Astra Pharmaceuticals), the shape of which is similar to that of the aerosol spray cloud (fig 1) , on the deposition of pressurised aerosol using an in vivo radioaerosol tracer technique. aerosols, especially for patients taking large doses of bronchodilators.
Methods

PATIENTS
Measurements of radioaerosol deposition were carried out in nine patients with airflow limitation: five had asthma and four had chronic obstructive lung disease with a mean forced expiratory volume in one second (FEVy) 80 3% of predicted and a range of 29-132% predicted. All patients were current users of pressurised bronchodilator aerosols, and five were also using corticosteroid aerosols. The patients continued to take their usual treatment throughout the study. Radioaerosol retained in the body was measured by profile scanning of the head and trunk using a whole body counter (Nuclear Enterprises), with slit collimators, having scintillation detectors above and below a moving couch.28 The profile scan consisted of three characteristic peaks corresponding to radioaerosol located in the oropharynx, lungs, and stomach. The geometric mean counts of the upper and lower detectors were calculated at intervals of 5 s during the scan to correct for the depth of the radioactive source within the body,'6 and further geometric corrections were made to allow for the different counting efficiences of the various body regions.'6 Oropharyngeal, lung, and stomach components of the scan were analysed in the following manner. On a separate day a profile distribution of radioaerosol in the stomach was obtained by actuating several metered doses of radioaerosol into the mouth immediately after an inhalation to total lung capacity. The profile scan of this distribution was normalised and subtracted from the profile scans obtained after radioaerosol inhalation. Of the remaining radioactivity, that below the level of the sternal notch was taken to be in the lungs and that above in the oropharynx. Lung deposition and oropharyngeal deposition were expressed as percentages of the administered dose, oropharyngeal deposition being calculated as the sum of radioaerosol recorded in mouthwashings and that detected over the oropharynx and stomach during the profile scan.
Two small radiation detectors, placed anteriorly and posteriorly over the chest and collimated in such a way that their fields of view covered the lungs while largely excluding oropharynx and stomach, were used to measure radioactivity present in the lungs immediately after inhalation and then 24 hours later. The 24 hour whole lung retention of radioaerosol, corrected for background, radioactive decay, and the contribution of stomach radioactivity to the chest count, was assumed to represent alveolar deposition.'7 Radioaerosol clearing during the first 24 hours was assumed to constitute tracheobronchial (conducting airway) deposition.
The amounts of radioaerosol in mouthwashings, aerosol actuator, and expired air filter were assessed by comparing the counts obtained from these items with those from several metered doses of radioaerosol released into a beaker of chloroform.'8
The amount of aerosol located in the spacer itself was assessed in the following manner: several metered doses were released into a second Nebuhaler, which was immediately counted by a pair of scintillation detectors; the Nebuhaler from which the patient had inhaled was then counted under conditions of identical counting geometry and the counts were compared. The pressurised radioaerosol technique has been approved both by the Isotope Advisory Panel of the Department of Health and Social Security and by the ethical practices committee of this hospital. All patients gave informed consent in writing before taking part in the studies.
STUDY DESIGN
Each patient performed three radioaerosol inhalation studies on three separate occasions at least 48 hours apart in a randomised order as follows. Metered dose inhaler alone The patient exhaled to residual volume and the radioaerosol was released from a conventional actuator about 1 s before start of inhalation. The patient then inhaled slowly and steadily (roughly 30 Vmin) to total lung capacity with the lips closed round the mouthpiece and held his or her breath for 10 s before exhaling. Four single puffs of radioaerosol were administered in this manner.
Nebuhaler with single puffs The patient exhaled to residual volume and the aerosol was fired into the spacer roughly 1 s before the start of inhalation. The patient then inhaled slowly and steadily (roughly 30 /min) to total lung capacity and held his or her breath for 10 s before exhaling. A second slow deep inhalation was then taken from the spacer (without firing the aerosol) followed by 10 s of breath holding and exhalation. A total of four single puffs of radioaerosol were administered in this manner.
Nebuhaler with multiple puffs The patient exhaled to residual volume and then four puffs of radioaerosol, each separated by 1 s, were fired into the spacer. Roughly 1 s after the final puff the patient began to inhale at about 30 /min to total lung capacity and then held his or her breath for 10 s before exhaling. A second slow deep inhalation was then taken from the spacer (without firing the aerosol) followed by IOs of breath holding and exhalation.
STATISTICAL ANALYSES
The data were assumed to be not normally distributed and were analysed by the Wilcoxon rank sum test for paired data and the Friedman two way analysis of variance by ranks.'9 A p value of 0 05 was taken to indicate significance. Table 2 shows the radioaerosol deposition patterns for studies with and without the spacer. there was a dramatic reduction (0 4 (0-1) % with single puffs and 0 5 (0 2) % with multiple puffs, p < 0-01). Less than 1% of the dose was exhaled, and this did not vary significantly among the inhalation techniques. Table 3 give details of the radioaerosol inhalation manoeuvres. Among the three studies there were no significant differences in delay between firing the last dose and the start of subsequent inhalation, in the average inhaled flow rate, or in the breath holding pause, although inhaled volume was significantly (p < 0.05) increased for the inhalation of multiple puffs via the spacer. The breathing pattern during the first inhalation taken from the spacer immediately after aerosol release was similar to that during the second inhalation taken shortly afterwards without firing the aerosol.
Results
Indices of lung function (FEVy, FVC, MMEF, and PEFR) varied little between the three study days. explain the reduction in the candida colony count in the oropharynx after inhalation of the corticosteroid aerosol budesonide, which has been observed with this spacer device." The effect of the Nebuhaler on the incidence of dysphonia after corticosteroid aerosol inhalation is not known. Our findings suggest, however, that less drug would be deposited in the upper airways (larynx and above) with Nebuhaler so that a lower incidence of dysphonia might be expected.
We compared the results of the present study with those of a previous study from our laboratories in 
APPENDIX
We have taken a cinefilm of the spray cloud inside Nebuhaler. The cloud appears to expand as it moves away from the actuator, much as it does in free air, and a proportion of the dose impacts on the far wall as figure 3 shows. As the spray moves away from the canister it falls slightly under gravity, and this partly accounts for the deposition on the base of the spacer in figure 3 . When the cloud reaches the far wall the fraction that has not impacted appears to "double back" and follow a roughly figure of eight course before coming to rest suspended in air within the spacer. A subsequent inhalation from the spacer removes most of the suspended aerosol, although a seond inhalation is recommended to ensure complete emptying.
